Introduction
Surviving out-of-hospital cardiac arrest (OHCA) is highly dependent on time to treatment. Accordingly, early cardiopulmonary resuscitation (CPR) and immediate post-resuscitation care are crucial. Coronary angiography (CAG) is recommended for OHCA patients of presumed cardiac etiology. 1, 2 However, it remains elusive whether distance to an invasive heart centre affects survival in OHCA patients and whether longer transportation to distant invasive heart centres is acceptable for providing specialized intervention and critical care. In Denmark, a centralized strategy has been implemented for the treatment of patients with ST-elevation myocardial infarction (STEMI). 3 Prehospital electrocardiographic diagnosis and field-triage of these patients directly to invasive heart centres for primary percutaneous coronary intervention (primary PCI) are routine, whereby local hospitals are bypassed. This strategy has proven successful in reducing treatment delay and mortality in STEMI patients. 4 It is unknown if a STEMI-like approach with field-triage directly to invasive heart centres implying a longer prehospital transportation time is associated with lower mortality in patients with OHCA.
The purpose of the present study was to investigate if survival in OHCA patients is associated with: (i) distance to an invasive heart centre; (ii) performance of acute CAG/PCI within 6 h of the first contact with the health care system, and (iii) hospital-level-of care (fieldtriage to invasive heart centre vs. admission to local hospital).
Methods Design
This was a historical follow-up study of an unselected OHCA population based on the Danish Cardiac Arrest Registry. The study period was from 1 January 2001 to 31 December 2013. The Danish Data Protection Agency (file number 2013-41-1758) and The National Board of Health approved the study. In Denmark, ethics approval is not required for register-based studies.
Setting
We conducted a nationwide register-based study in Denmark, which has a population of approximately 5.6 million inhabitants. The emergency telephone number (1-1-2) is used nationwide, with five regional emergency medical dispatch centres (EMDC) providing telephone-guided CPR. The Danish emergency medical service (EMS) system is two-tiered, and operates as a double dispatch service. The first tier involves an ambulance with basic life support (BLS) equipment including a defibrillator. The ambulance is staffed with two emergency medical technicians (EMTs). The second tier consists of an anaesthetist-staffed prehospital critical care team operating a separate vehicle with the capability to provide advanced life support (ALS) and endotracheal intubation. In 2010, a helicopter emergency medical service (HEMS) was launched with one helicopter serving the Eastern part of Denmark and in 2011 one more helicopter was put into action serving the Western part of Denmark. In emergency OHCA calls, the EMDC activates the EMS system and the nearest available ambulance and the prehospital critical care team are dispatched. The EMS treatment protocol adheres to the ESC guidelines for Resuscitation. 1 
Distance to invasive heart centres
The driving distance from the scene of the event to the nearest invasive centre was calculated in kilometres (km) using the Danish geographic grid combined with the Danish Address Web Application Programming Interface Routing Machine.
Statistical analyses
Binary data are presented as percentages and continuous variables as medians with inter-quartile range (IQR , and 95% confidence intervals (CIs) to examine the association between the covariates and mortality and to adjust for potential confounders. The assumptions of linearity were assessed graphically. Variables associated with mortality in the univariable Cox regression analyses were included in the multivariable Cox regression models. Performance of CAG and PCI are a priori associated with improved outcome, i.e. only performed in those achieving ROSC or being admitted with ongoing CPR. Accordingly, in the Cox regression analyses each patient were assigned a CAG/PCI index defined as the proportion of patients undergoing acute CAG/PCI (within 6 h of the first contact with the health care system) annually in each region to reflect the current use of CAG/PCI in the region where the patient lived. Missing values among covariates were replaced by using multiple imputations. Logistic regression modelling was used for binary covariates, ordinal logistic regression modelling was used for categorical variables with more than two values, and linear regression modelling was used for continuous covariates. We imputed 10 data sets. Data management and statistical analyses were performed using STATA SE 14.0 (StataCorp, College Station, TX, USA).
Results
We identified 43 206 OHCA patients in the Danish Cardiac Arrest Register. We excluded 2020 patients because they had an invalid or missing civil registration number, had emigrated or were foreign citizens. The final study population comprised 41 186 OHCA patients. The cumulative 30-day survival was 9% (95% CI: 8-9%) (n = 3550). The median follow-up time for patients with ROSC was 28 (2-1404) days. A total of 8.419 (20%) patients achieved ROSC of which 605 (7%) were conscious/awake at admission to hospital. Table 1 shows geographical characteristics, patient characteristics and survival stratified according to the five Danish regions. Geographical characteristics differed significantly, e.g. distance to invasive heart centre and population density. Furthermore, the proportion of patients admitted directly to an invasive heart centre, acute CAG/PCI and 30-day survival differed. A total of 1.785 (21%) patients with ROSC had an acute CAG performed and 1.262 (15%) patients had an acute PCI performed after the CAG. More than 90% of the CAG and PCI procedures were performed within 6 h after EMS call. The highest 30-day survival rates were seen in the Capital Region (10%) and in the Central Denmark Region (9%).
Temporal changes in 30-day survival, bystander CPR and ROSC
Throughout the study period, we observed a large increase in the overall 30-day survival (5% in 2001, 12% in 2013, P < 0.001) ( Figure 1A ). Thirty-day survival rose significantly over time in patients with and without bystander CPR (P < 0.001) with the largest increase being observed in those without bystander CPR (3% in 2001, 10% in 2013, P < 0.001) ( Figure 1B) .
A major temporal increase was also observed in the proportion of patients receiving bystander CPR (18% in 2001, 60% in 2013, P < 0.001) (Figure 2A ) and in the proportion of patients achieving ROSC (10% in 2001, 29% in 2013) ( Figure 2B ). Bystander CPR was associated with lower mortality in the multivariable analyses, (HR of 0.97 (95% CI: 0.95-0.99, P = 0.005)) ( Table 2 ).
Admission to invasive centre and performance of acute CAG and PCI A total of 38% (n = 15 822) of patients with OHCA were not admitted to hospital but declared dead at the site of event. Subgroup analyses revealed considerable heterogeneity between the regions with regard to the proportions of patients declared dead at the site of event. Among the remaining patients (n = 25 364), the majority was admitted to a local hospital (n = 17 991). An increase in survival over time was observed in those admitted directly to an invasive heart centre ( Figure 1C) . However, the proportion of patients admitted directly to invasive heart centres differed significantly between regions ( Figure 2C ). Admission directly to an invasive centre was independently associated with lower mortality (adjusted HR = 0.91 (95% CI: 0.89-0.93, P < 0.001)) ( Table 2) . Among patients achieving ROSC, the use of acute CAG/PCI increased significantly during the study period, with significant differences between the regions ( Figure 2D ). Regional performance of acute CAG/PCI following OHCA (CAG/PCI index) was associated with a lower mortality, revealing an adjusted HR of 0.33 (95% CI: 0.25-0.45, P < 0.001) ( Table 2) .
Return of spontaneous circulation, hospital level-of-care, acute CAG/PCI and 30-day survival according to distance from the site of event to the invasive heart centre The proportion of patients achieving ROSC declined significantly at distances above 5 kilometres from the nearest invasive centre (P < 0.001) ( Figure 3A) . Increasing distance from the scene of the event to the invasive heart centre was associated with a lower proportion of patients admitted directly to an invasive heart centre (P < 0.001) ( Figure 3B ) and a lower use of acute CAG/PCI (P = 0.005) ( Figure 3C) . A distance below 5 km from the site of the event to the invasive heart centre was associated with lower mortality in the univariable analysis (unadjusted HR of 0.93 (95% CI: 0.89-0.96, P < 0.01), but not in the multivariable analysis (adjusted HR 1.01 (95% CI: 0.96-1.07, P = 0.70) ( Table 2) .
Population density and 30-day survival
The population density determined from the zip code of the site of the event was incorporated in the analyses for each patient. The Capital Region of Denmark had the highest population density and the shortest distance to an invasive centre ( Table 1 ). In the univariable analyses, a population density above 2000 per zip code per m 2 was associated with lower mortality (unadjusted HR of 0.95 (95% CI: 0.92-0.97, P < 0.001) ( Table 2) . Population density remained independently associated with lower mortality, corresponding to an adjusted HR of 0.94 (95% CI: 0.89-0.98, P < 0.001) ( Table 2 ). 
Discussion
This nationwide study is currently the largest to investigate the association between OHCA patients' survival and distance to invasive heart centre, performance of acute CAG/PCI and hospital-level of care. The three main results of the study were, first, that admission to an invasive heart centre and regional use of acute CAG/PCI were associated with improved 30-day survival; second, distance from the site of the event to the invasive heart centre was not associated with survival; third, survival was associated with population density, bystander CPR, witnessed arrest and shockable rhythm. These results support a strategy that prioritizes the establishment of an efficient prehospital organization over the establishment of multiple geographically distributed invasive heart centres. 5, 6 Few studies have assessed the association between distance to hospital and survival in OHCA patients, 7, 8 and all of these studies were based on selected study populations small in number. The present study therefore extends previous data. We expected that a longer distance from the site of event to an invasive heart centre would be associated with a lower survival in OHCA patients. Nevertheless, a higher survival rate was seen among OHCA patients only within 5 kilometres of the invasive heart centre. More importantly, in multivariable analyses the distance from the site of event to the nearest invasive heart centre was not associated with survival. Our results reflect that successful prehospital CPR is the key to survival, regardless of whether it is provided by a bystander or EMS, which should ideally be independent of the distance to the invasive centre. However, one would still expect an association between distance and outcome in those treated with PCI, consistent with the findings in STEMI patients. 3 Most likely, a larger sample size is needed to prove this association in OHCA patients. No randomized studies exist on acute CAG/PCI following OHCA. However, several small observational studies have assessed this issue using the actual performance of CAG/PCI at patient level. [9] [10] [11] It is unsurprising that a strong association then appears simply because CAG/PCI is performed mainly in patients achieving ROSC, with the few exceptions of selected patients transferred to acute CAG/PCI during ongoing CPR. In the present study, we used an index for CAG/PCI activity defined by the proportion of patients having acute CAG/PCI performed annually in each region. This index accordingly reflects the regional level of care with regard to the performance of acute CAG/PCI, and it was significantly associated with improved survival. Whether admission to an invasive heart centre is a surrogate for a higher level of care, performance of acute CAG/PCI or both, our results underline the importance of a centralized postresuscitation care strategy in OHCA patients. This is in consensus with the statement from the European association for percutaneous cardiovascular interventions (EAPCI)/stent for life (SFL) groups as well as recent ESC Guidelines for Resuscitation. 1, 12 It is hardly surprising that population density is associated with survival; though, the present study is the first to implement population density in a 12-year survival analysis among OHCA patients. Our results are consistent with those of previous studies documenting that survival is higher among OHCA patients in crowded areas, e.g. airports, than in rural areas. 13, 14 The association between population density and survival remained significant in the multivariable analyses. However, population density clearly differed from region to region. We cannot rule out that population density is, in part, a proxy for the region and a proxy for distance to the invasive heart centre. Accordingly, one would assume that the region with the highest population density and the shortest distance to an invasive heart centre, i.e. the Capital Region of Denmark (A), would perform significantly better than the other regions. Nonetheless, the survival rates were comparable in three other regions (B, C, E) with significantly lower population densities and longer distances to the nearest invasive heart centre. One explanation may be that the longer distance and lower population density were counter-balanced by a significantly higher rate of acute CAG/PCI in those regions (B, C, E). Hence, if the association between rate of acute CAG/PCI and survival is causal, a more frequent use of acute CAG/PCI in the Capital Region of Denmark should produce an even higher survival rate in the future. This is, of course, entirely speculative, and it remains to be evaluated in a randomized study whether or not the association between acute CAG/PCI and survival is causal. Consistent with previous studies, bystander CPR was associated with survival. However, the increase in bystander CPR has partially been used to explain the overall increase in survival. [15] [16] [17] The novelty of our study is that the relative increase in survival was even higher among those not receiving bystander CPR and that the overall number of patients achieving ROSC rose. The explanation for this may be improved EMS skills. More importantly, our results indicate that the improved bystander CPR rate is not the only reason for improved survival following OHCA, which is in accordance with a previous study by Chan et al.
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Whether improved survival observed in patients admitted directly to invasive heart centres is caused by increased use of acute CAG/ PCI, therapeutic hypothermia, overall advanced care or selection bias cannot be determined by the present study. Nevertheless, the totality of components available for optimization by high-volume invasive heart centres represents an argument in favour of centralized postresuscitation care in OHCA patients.
Strengths and limitations
The strength of this study is the combination of large registries and databases, by far the largest study conducted to date in Denmark in OHCA patients, providing a detailed description of the association between the distance from the site of the event to an invasive heart centre, acute CAG/PCI, hospital level-of-care and survival in patients with OHCA. Our study has limitations. First, it is observational in nature and therefore we cannot rule out some element of selection bias. In this context, the decision to discontinue a resuscitation attempt as well as the decision to transport the patient to an invasive heart centre or a local hospital was left at the discretion of the anaesthetist. However, due to the fact that this was an unselected OHCA population, it is important to emphasize that the potential benefits of centralization may be even better in a population of OHCA patients of presumed cardiac origin. Further, the non-randomized study design does not allow the demonstration of any causal relationship between survival and hospital-level-of care as well as acute CAG/PCI. We do acknowledge that our findings are hypothesis generating only.
Second, it would have been interesting if ECG data were available, which would enable stratified analyses in patients with and without ST-elevations. However, several studies are questioning the value of the ECG in the early post-arrest course as regard to the STEMI diagnosis and patients triage for acute CAG/PCI. 19 Furthermore, important factors about CPR quality, no-flow time (interval between the arrest and the onset of basic life support) and low-flow time (interval between the arrest and ROSC) were not taken into account, due to lack of data. Additionally, data on advanced outcome measurements as target temperature hypothermia and the Cerebral Performance Category score were not available. Thus, it was not possible to take these factors into account and this must be considered as an important limitation, even though the evidence to support hypothermia treatment is sparse. Mild hypothermia is standard care in comatose survivors after cardiac arrest with shockable rhythm and has been extrapolated to survivors with non-shockable rhythm. However, few randomised trials have reported improved outcomes with mild hypothermia compared with normothermia in OHCA patients. 20 Recently, the TTM-trial found no difference in overall mortality or CPC score at a targeted temperature of 33 C vs. 36 C. 21 Thus, one could question if normothermia is just as good as hypothermia. Third, the site of OHCA was unavailable in 23% of the cases and therefore substituted by the home address when calculating the distance from scene of event to the invasive centre. However, approximately 80% of OHCA occur at home, indicating that the distance calculation was correct in 95% of cases (0.77 þ 0.23*0.8). 13 Finally, a number of patients had missing data, but comparing estimates from the observed dataset with estimates from the imputed datasets did not significantly change our results.
Conclusion
Immediate admission to an invasive heart centre and acute CAG/PCI are associated with improved survival in patients with OHCA, whereas distance from site of the event to the invasive heart centre was not. Our results support the establishment of few high-volume invasive heart centres and suggest that OHCA patients should fieldtriage directly to these centres for optimal post-resuscitation care, regardless of the distance. Clinical randomized studies are needed to clarify the causality between acute CAG/PCI and survival.
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